(1, α)-resolvable candelabra quadruple systems play an important role in the construction of (1, α)-resolvable Steiner quadruple systems. In this paper, we consider (1, 2)-resolvable candelabra quadruple systems with three groups and show that the necessary conditions on the existence of (1, 2)-RCQS(g 3 : s) when g is even are also sufficient. As its application, we improve the existing result on (1, 2)-resolvable Steiner quadruple systems.
Introduction
Candelabra quadruple systems play an important role in the construction of Steiner 3-designs (see, for example, [7, 11] ).
A candelabra quadruple system of order v with a candelabra of type (g a 1 
· · · g a k k
: s), denoted by CQS(g a 1 
: s) is a quadruple (X, S, G, A), where X is a set of v = s +  1≤i≤k a i g i points, S is a subset of X of size s, and G = {G 1 , G 2 , . . .} is a partition of X \ S of type g a 1 1 · · · g a k k . The set A contains 4-subsets of X , called blocks, such that every 3-subset T ⊂ X with |T ∩ (S ∪ G i )| < 3 for all i, is contained in a unique block and no 3-subset of S ∪ G i is contained in any block. The members of G are called branches or groups, and S is called the stem of the candelabra. If a CQS has n groups of size g and a stem of size s, then we denoted it by CQS(g n : s).
Zhang [13] gave the necessary conditions for a CQS(g n : s) to exist. When n = 3, the necessary conditions can be divided into the following six cases.
g s 0 (mod 6) 0 (mod 2) and s ≤ g 1 (mod 6) 1 (mod 12) and s < g 2 (mod 6) 2 (mod 6) and s ≤ g 3 (mod 6) 1 (mod 4) and s < g 4 (mod 6) 4 (mod 6) and s ≤ g 5 (mod 6) 5 (mod 12) and s < g Let (X , S, G, B) be a CQS(g n : s). P ⊂ B is an α-resolution class if each point of X occurs in exactly α blocks in P. For each group G ⊂ G, P ′ ⊂ B is a partial α-resolution class if each point of X \(G∪S) occurs in exactly α blocks in P ′ . If B can be partitioned into n(n − 1)g 2 /(6α) α-resolution classes and g(g + 2s − 3)/(6α) partial α-resolution classes for each group G ⊂ G, then this system is called a (1, α)-resolvable candelabra quadruple system and is denoted by (1, α)-RCQS(g n : s). We will denote a (1, 1)-RCQS(g n : s) by RCQS(g n : s), and call it a resolvable candelabra quadruple system. (1, α)-resolvable candelabra quadruple systems play an important role in the construction of (1, α)-resolvable 3-designs (see, for example, [6, 10] ).
We have proved in paper [9] that the necessary conditions on RCQS(g 3 : s) when g is even are also sufficient. In this paper, we are concerned with (1, 2)-resolvable candelabra quadruple systems with group sizes even, and prove that the necessary conditions on (1, 2)-RCQS(g 3 : s) are also sufficient. 
A construction from (1, 2)-RHF g (m n : s)
We begin with some graph theoretical definitions and results. Let G be a graph with g vertices in the range 0, 1, . . . , g −1.
) to be the graph on Z g with the edge set {{u, v} :
A one-factor is a set of pairwise disjoint edges of graph G (D, g ) that between them contain every vertex. A one-factorization of graph G(D, g) is a partition of the set of edges into edge disjoint one-factors.
For the existence of the one-factorization of G(D, g), we have the following result. For a positive integer n, a near-one-factorization of the complete graph on Z 2n−1 is a factorization where each factor has one vertex of degree zero, all other vertices having degree 1. A near-one-factorization of the complete graph on Z 2n−1 can be constructed from a one-factorization of the complete graph on Z 2n by deleting a single vertex. For positive integers q, g, k and t, an H(q, g, k, t) frame, denoted by HF(q, g, k, t), is a quadruple (X, G, B, F ) with the following properties:
(1) X is a set of qg points;
(2) G = {G 1 , G 2 , . . . , G q } is an equipartition of X into q groups; (3) F is a family {F i } of subsets of G called holes, which is closed under intersections. Hence each hole F i ∈ F is of the form 
: sg), with the 2-resolution classes set ű and the partial 2-resolution classes 
The case g ≡ 0 (mod 12)
In order to make the proof of Theorem 3.1 more clearly, we first list the block set of a CQS((12k)
We shall construct the design, CQS((12k)
, and a stem S = {∞} × Z 12u+2 . The block set of the design consists of seven parts as follows.
It is easy to check that all the blocks above form the block set of a CQS((12k) 3 : 12u + 2). In the next theorem, we will use these blocks to give a (1, 2 (3k+3u+1) which is smaller than the former. So we need to take some blocks from g to construct the 2-resolution classes of the (1, 2)-RCQS((12k) 3 : 12u+2). The blocks of f can't form any partial 2-resolution class by itself. Then we take some blocks of g and the blocks of f to construct the partial 2-resolution classes of the (1, 2)-RCQS((12k) 3 : 12u+2).
We will state the detail in the proof of Theorem 3. In order to describe the role of a, b, c, d, e, f and g playing here, we make a table. The table in the following will show the equivalence relation between the block sets of the CQS((12k) 3 : 12u + 2) and 2-resolution classes or partial 2-resolution classes of the (1, 2)-RCQS((12k) 3 : 12u + 2). In fact, the two parts in the same line conclude the same blocks, just they are shown in different forms.
Blocks in CQS((12k)
The first two blocks of the third part of the 2-resolution classes b
The second part of the 2-resolution classes c
The fourth part of the 2-resolution classes d
(1) and (2) of the first part of the 2-resolution classes e (3) of the first part of the 2-resolution classes f
The partial blocks in (1) of the partial 2-resolution classes
The remaining blocks of the third part of the 2-resolution classes, g the fifth part of the 2-resolution classes, the remaining blocks in (1) of the partial 2-resolution classes, (2) and (3) of the partial 2-resolution classes
and a ∈ {0, 3}. Each of the following (12k) 2 /2 2-resolution classes consists of five parts. The first part is below.
(
, then the first part consists of the following.
The second part is below, where
The third part is below.
(1) If y is even, then the third part needs to add the following.
(2) If y is odd, then the third part needs to add the following.
, then the fifth part consists of the following. (x, y, z) ≡ (0, 1, 1) (mod 2) , then the fifth part consists of the following.
The partial resolution classes are divided into three parts.
We can get all the partial 2-resolution classes by combining every two partial resolution classes above.
Then the (1, 2)-RCQS((12k) 3 : 12u + 2) is obtained.
As we did in Theorem 3.1, in order to make the proof of Theorem 3.2 more clearly, we list the block set of CQS((12k)
, and a stem S = {∞} × Z 12u+10 . The block set of the design consists of five parts as follows.
where
Here the blocks above form the block set of a CQS((12k) 3 : 12u + 10). In the next theorem, we will use these blocks to give a (1, 2)-RCQS((12k) 3 : 12u + 10). First, we will use the blocks of a, b and c and partial blocks of d and e to construct the 2-resolution classes. Next, we use the remaining blocks of d and e to construct the partial 2-resolution classes. The table in the following will show the equivalence relation between the blocks of CQS and (1, 2)-CQS. The two parts in the same line conclude the same blocks, just that they occur in different forms. 
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Proof. We shall construct the required design on
, a, b, c be integers and their value can be divided into six cases.
( Each of the following (12k) 2 /2 2-resolution classes consists of five parts. The first part is below.
(i) If x, y, z are all even, the first part consists of the following.
(ii) If x is even and y, z are both odd, the first part consists of the following.
(i) If x, y, z are all even, then the first part consists of the following.
(ii) If x, y are both odd and z is even, then the first part consists of the following.
(ii) If x is even and y, z are both odd, then the first part consists of the following.
The second part consists of the following.
The third part consists of the following, where
The fourth part consists of the following, where 0
The fifth part consists of the following, where 0
) and x, y, z are all even, then the fifth part consists of the following.
, x is even and y, z are both odd, then the fifth part consists of the following. mod 3 ) and x, y, z are all even, then the fifth part consists of the following.
, x, y are both odd and z is even, then the fifth part consists of the following.
, x, y, z are all even, then the fifth part consists of the following.
, x is even and y, z are both odd, then the fifth part consists of the following.
The partial resolution classes are divided into three parts. We can get all the partial 2-resolution classes by combining every two partial resolution classes above. 
Some new (1, 2)-resolvable Steiner quadruple systems
A Steiner quadruple system of order v, denoted by SQS(v), is a pair (X, B), where X is a v-set of points and B is a set of 4-subsets of X , called blocks, with the property that every 3-subset of X is contained in exactly one block of B. Hanani [3] showed that an SQS(v) exists if and only if v ≡ 2 or 4 (mod 6 ). An SQS(v)(X , B) is said to be (t, α)-resolvable if its block set B can be partitioned into r parts π 1 , π 2 , . . . , π r such that (X, π i ) is a t − (v, 4, α) design for all i, clearly t = 1 or 2. We will denote a (t, α)-resolvable SQS(v) by RSQS(t, α, v).
It is known by Hartman and Phelps [7] that the necessary conditions for the existence of an RSQS(
The classical existence question for resolvable Steiner quadruple system is the existence problem for (1, 1)-resolvable Steiner quadruple systems. The necessary conditions for t = α = 1 reduce to v ≡ 4 or 8 (mod 12). Booth [1] , Greenwell and Lindner [2] , Hartman [4] [5] [6] and Ji and Zhu [8] have proved that the necessary condition is also sufficient. Recently, Zhang and Ge [14] proved that the necessary condition is also sufficient except for v = 10 and possibly for some values of v. In this section, we shall construct 21 designs above. To state the following main recursive theorem for (1, α)-RSQSs, we need the notion of a (1, α)-resolvable quadruple system with a (1, α)-resolvable subsystem. Let (X, B) be an RSQS (1, α, v) with an α-resolution P 1 , P 2 , . . . , P r (v) , and let (Y , A) be an RSQS(1, α, u) with an α-resolution P Let v be a non-negative integer, let t be a positive integer and K be a set of some positive integers. A group divisible t-design (or t-GDD) of order v and block sizes from K denoted by GDD (t, K , v) is a triple (X, G, B) such that (1) X is a set of cardinality v (called points), (2) G = {G 1 , G 2 , . . .} is a set of non-empty subsets of X (called groups) such that (X, G) is a 1-design, (3) B is a family of subsets of X (called blocks) each of cardinality from K such that each block intersects any given group in at most one point, (4) each t-set of points from t distinct groups is contained in exactly one block.
The type of the t-GDD is defined as the multiset {|G| : G ∈ G}.
A GDD(t, K , v) is said to be α-resolvable if its blocks can be partitioned into parts (called α-resolution classes) such that each point of the design occurs in precisely α blocks in each part. We will denote an α-resolvable GDD(t, K , v) by (1, α)-RGDD(t, K , v) and simply refer to a (1, 1)-RGDD(t, K , v) as an RGDD(t, K , v). 
